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Introduction
Celiac disease is a permanent gluten intolerance causing small intestine enteropathy of an auto-immunological background, in patients with a genetic predisposition. The factors causing the disease are prolamins contained in wheat (gliadin), rye (secalin), and barley (hordein). The role of avenin contained in oat remains controversial; however, due to technical difficulties in obtaining a clean form of this cereal in Polish conditions, products containing oats are considered as containing gluten and only an oat-free diet is considered as gluten-free [1] . Celiac disease can develop at any age after introduction of gluten into the diet. The manifestation of the classic form of the disease involves typical signs of malabsorption (insufficient weight and height, chronic diarrhea, steatorrhea). Due to the variety of the clinical picture of celiac disease, and sometimes its non-classical, or asymptomatic course, there are a few clinical forms of the disease: 1) classical (typical) celiac disease mentioned beforedominant are the symptoms in the gastrointestinal tract, serological markers are found, small intestine biopsy shows atrophy of intestinal villi; 2) non-classical celiac disease -dominant are nonintestinal symptoms, symptoms in the gastrointesti-nal tract are mild, serological markers are found, small intestine biopsy shows atrophy of intestinal villi; 3) silent celiac disease -asymptomatic course, serological markers are found, small intestine biopsy shows atrophy of intestinal villi (which is found during endoscopic examination performed due to other recommendations or as part of screening of risk groups). Despite the lack of clinical symptoms, the silent form of celiac disease should be treated, because of a higher incidence of auto-immunological diseases and lymphomas in the gastrointestinal tract in this group of patients; 4) latent celiac disease -asymptomatic course, serological markers are found, small intestine biopsy shows normal mucous membrane when a diet containing gluten is applied, gluten-dependent enteropathy can occur later on [according to 2] . Currently, the gold standard of celiac disease diagnostics in children is still biopsy of the small intestine mucous membrane and its histopathological analysis, according to Marsh's scale modified by Oberhuber [3] . The procedure involves assessment of a few biopsy specimens from the mucous membrane of different parts of the duodenum. Serological markers of celiac disease, including anti-endomysium antibodies (EmA) and antibodies against tissue transglutaminase (tTG), are crucial in diagnostics, screening, and assessment whether the gluten-free diet is observed. ESPGHAN (the European Society for Paediatric Gastroenterology, Hepatology and Nutrition) proposed new criteria of celiac disease diagnostics, which allow the small intestine biopsy to be avoided in children and adolescents showing signs suggesting celiac disease [4] .
Improvement of the clinical picture of celiac disease is observed after application of a gluten-free diet, which is the principle of treatment and is continued for the rest of the patient's life [1, 2] .
Many authors observe co-occurrence of celiac disease with auto-immunological diseases or genetic syndromes. One of the risk groups is patients with Down's syndrome. This syndrome is the most frequent chromosome abnormality and at the same time the main genetic factor causing mental retardation. For many years, reports in the literature have recommended screening of pediatric and adult Down's syndrome patients. However, these recommendations are mainly based on results of studies performed on patient groups which were too small and too variable in terms of the applied criteria of celiac disease diagnostics.
Frequency of celiac disease in the general population
Until the 1980s, celiac disease was considered a rare disorder. However, in the next years, it was reported that its incidence was more frequent than initially supposed. Epidemiological studies on the incidence of celiac disease in the general population differ depending on the geographical region, race, studied group, group size, and environmental factors [5] [6] [7] [8] . Most patients with celiac disease, especially in its non-classical or silent forms, remain undiagnosed, and therefore the epidemiological data are only approximate, and their interpretation and comparison are difficult. In most countries, there are no registers of celiac disease patients, so the total number of patients is unknown. It makes some authors wonder whether it is necessary to conduct screening of large groups of patients [6, 9, 10] .
In a systematic review, Dube et al. [6] estimated the incidence of celiac disease in the general population of Western countries at 1% (1 : 100). The range of celiac disease incidence in the Western European and North American populations, according to different authors, was between 0.5% and 1.26% (1 : 200 to 1 : 79). Higher incidence of celiac disease (from 1% to 1.5%) was found in some North European countries [6] . In pediatric populations the incidence of celiac disease was estimated at 0.31% to 0.94% [6] . According to Biagi et al. [7] , based on the most recent systematic review of literature data, the incidence of celiac disease in the general population seems to be lower than Dube et al. estimated [6] and is 6.2‰ (1 : 160). According to the authors, the large discrepancy in the epidemiological data, which makes reliable determination of the incidence of celiac disease impossible, is due to different criteria used for diagnosis of the disease. It applies, in particular, to studies in which determination of the level of antibodies against tissue transglutaminase (tTG) was used as the only diagnostic test. So far, the highest percentage of pediatric patients with positive results of serological tests (EmA) was found by Catassi et al. [11] , who studied a population of 989 children living in Sahrawi (5.6% of the total population).
It is assessed that the incidence of celiac disease in Poland is similar to or slightly lower than the incidence observed in other European countries. Based on an epidemiological study performed on a large group of 3235 pediatric patients living in the area of Bydgoszcz, the incidence of celiac disease confirmed by histopathological examination was 1 : 404 and the frequency of positive results of serological examinations was 1 : 124 children (0.8%) [5] . Based on approximate data from surveys coming from 40% of pediatric gastroenterological outpatient clinics in Poland, the number of pediatric patients under the care of these clinics is very low (1405 children and adolescents), which may suggest a significant number of patients with undiagnosed celiac disease [12] . We have observed that non-classical and silent celiac disease tend to be diagnosed more frequently in recent years in Poland [12] . Therefore, some authors wonder if it is necessary to perform screening of the general population, similarly as in the case of screenings for hypothyroidism, phenylketonuria or cystic fibrosis applied in Poland.
Apart from the unquestionable genetic factor predisposing to celiac disease, the pathogenesis of the disease is thought to involve many other factors. The environmental, triggering factor is gluten. However, other important factors increasing the incidence of celiac disease are thought to be: drugs (interferon α), infections, particular dietary habits (amount and time of introduction of gluten into diet, breastfeeding), or exposure to tobacco smoke [according to 13] .
Based on an analysis of the incidence of celiac disease in the pediatric population of two neighboring geographical regions, similar in terms of size and gluten consumption -Finland and the Russian Republic of Karelia -it seems that the risk of celiac disease can be influenced by the social and financial status, as well as hygienic habits [14] . Considering the higher incidence of celiac disease in Finland (1 : 107) and lower in Karelia (1 : 496), the authors concluded that lower financial status, worse hygienic conditions, and more frequent infections can exert a protective effect against celiac disease.
Results of some studies on whole populations show that celiac disease is quite common in most populations consuming considerable amounts of gluten, which proves that particular dietary habits play a role in the pathogenesis of celiac disease [11, [15] [16] [17] .
In the literature, there are a few reports showing growth in the frequency of diagnosis of celiac disease during the last 20 years, which is probably due to actual growth in the incidence of the disease, and not due to improvement in the reliability of diagnostic tests and awareness of physicians [8, 17] .
Incidence of celiac disease in risk groups
There are reports showing a higher incidence of celiac disease in patients with particular disorders, compared to the general population. In a systemic review, researchers from Canada confirmed a higher incidence of celiac disease in particular risk groups [6] . It regarded, in particular, patients with type 1 diabetes (3-6%), relatives of celiac disease patients (2.8-17.2% in first-degree relatives and 2.6-19.5% in more distant relatives), patients with symptomatic (10-15%) and asymptomatic (2.3-6%) iron deficiency anemia, and in patients with low bone mineral density (0.9-3%) [6] . The authors did not include in their analysis studies on the incidence of celiac disease in Down's syndrome patients.
Incidence of celiac disease in Down's syndrome patients
The first reports on co-occurrence of Down's syndrome and celiac disease were published already in the 1970s [18] . Initially, these were only case studies on individual patients. Most of the studies assessing the incidence of celiac disease in Down's syndrome patients were published in the 1990s. In the first papers on this subject, out of all serological examinations qualifying patients for small intestine biopsy, only anti-gliadin antibodies, which are not very specific and give a high percentage of falsepositive results, were taken into account. Only after some time did highly sensitive and specific anti-endomysial antibodies start being taken into account.
In the 1990s, there were two reports on the incidence of Down's syndrome in the group of celiac disease patients. In a retrospective study, Dias and Walker-Smith [19] found as much as 16-fold higher incidence of Down's syndrome among celiac disease patients (1.6%; 3/190), compared to the general population (0.1%; 1 : 1000). Different results were obtained by Granditsch and Rossipal [20] , who assessed the incidence of Down's syndrome in celiac disease patients at 0.19% (2/1033), which is only two times higher than in the general population (0.1%). Although the incidence of Down's syndrome in celiac disease patients assessed in the above-mentioned studies is significantly different, both of these studies indicate a higher incidence of Down's syndrome in celiac disease patients than in the general population.
For many years Down's syndrome patients were considered by different authors as a risk group of celiac disease. The available studies results indicate a higher incidence of celiac disease in Down's syndrome patients than in the general population, though the studies were performed on groups of patients which were variable in terms of age and the applied criteria of celiac disease diagnosis; also the size of groups was small ( Table I ). The authors also used different criteria of patient selection (Table II) . There are no reports by Polish authors assessing the incidence of celiac disease in pediatric or adult Down's syndrome patients.
According to observations of different authors, the incidence of celiac disease in Down's syndrome patients is assessed at from 1% [42] to even 19% [29] (Table I) . The large discrepancy in the obtained results is mostly due to the size of the studied groups. The very high incidence of celiac disease observed by some authors in Down's syndrome patients (from 10.3% to even 18.6%) was obtained only in studies conducted on small or very small groups of patients (from 25 to 97 people) [23, 26, 29, 33, 39, 45] . In one of the studies, the diagnosis of T Ta ab bl le e I I. . Selected findings of studies which assessed the incidence of celiac disease in populations of patients with Down's syndrome T Ta ab bl le e I I. .
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celiac disease was based only on positive results of serological studies, which was inconsistent with the current diagnostic criteria and probably inflated the assessed epidemiological indexes [33] . The very high incidence of celiac disease in Down's syndrome patients (16.9%; 19%) reported by Swedish authors [23, 29] could have been related to the higher incidence of celiac disease in the general Swedish population [16, 17] and to the criteria used by the authors, which were inconsistent with the current criteria of celiac disease diagnosis. Studies conducted on more numerous, and therefore more reliable, groups of 105 to 1202 patients show an estimated incidence of celiac disease in Down's syndrome patients of 1% to 6.3% [21, 24, 25, 30, 32, 34, 41, 42, 44] . In the analysis mentioned above the study of Goldacre et al. [41] was a result of a retrospective analysis of medical records of 1453 patients Down's syndrome from the Oxford region from the years 1963-1999. Thus, it was impossible to diagnose all cases of celiac disease, especially in patients with the silent form of the disease.
The published studies about the incidence of celiac disease in Down's syndrome patients utilized different criteria of patient selection (Table II) , and thus the study groups are heterogeneous and the results are A Au ut th ho or r, , d da at te e, , c co ou un nt tr ry y S Se el le ec ct ti io on n c cr ri it te er ri ia a o of f p pa at ti ie en nt ts s w wi it th h D Do ow wn n' 's s s sy yn nd dr ro om me e [22, 30, 31, 35, 36, 38, [42] [43] [44] ; there are few studies on the incidence of celiac disease in Down's syndrome patients conducted on the scale of a large region or country [32, 39, 40] . The only available multi-center study assessing the incidence of celiac disease, conducted on a group of Down's syndrome patients in a number that complies with the requirements of an epidemiological study, was performed by an Italian group. Bonamico et al. [32] assessed the incidence of celiac disease in Italian Down's syndrome patients at 4.6%. The study included 1202 persons (1110 children and 92 adults), who remained under the care of pediatric societies from different regions of Italy. The authors applied the current criteria of celiac disease diagnosis according to ESPGHAN 1990. Positive results of serological studies were confirmed by a histopathological examination of biopsy specimens collected by endoscopy. The obtained results indicate higher incidence of celiac disease in Down's syndrome patients than in the general Italian population. However, the multi-center study by Bonamico et al. [32] regards only Italian Down's syndrome patients, and therefore its results cannot be related to Polish patients. So far, no assessment of the incidence of celiac disease in pediatric or adult Down's syndrome patients has been performed in Poland. Which Down's syndrome patients should be tested for celiac disease?
Due to the increased incidence of celiac disease in Down's syndrome patients which was reported in the last years, many researchers and organizations recommend screening this group of patients. Though some authors suggest testing of all Down's syndrome patients, regardless of the clinical picture, others claim that the screening for celiac disease in Down's syndrome patients should include only persons who show typical clinical signs [39, 47] . This approach is supported by the results of some analyses. In the study by Kolek et al. [39] all Down's syndrome patients diagnosed with celiac disease showed symptoms characteristic for celiac disease (loose stool, constipation, discomfort in the abdominal cavity). The authors suggest that screening for celiac disease is justified in patients with symptoms, but not in patients without symptoms. Similarly, in a German study [37] , clinical symptoms of celiac disease (diarrhea, abdominal pain, insufficient body weight, flatulence) were observed in all Down's syndrome children who were newly diagnosed with celiac disease.
At the moment of diagnosis of celiac disease, characteristic gastroenterological symptoms are shown by 44-69% of Down's syndrome children [32] [33] [34] , whereas a less typical clinical picture (insufficient height, anemia) is observed in 11-39% [32, 34] . Around 17-50% of patients show no symptoms [32, 34] . Compared to the general population, in Down's syndrome children, the symptomatic form of celiac disease is more frequent than asymptomatic forms [32] . It is estimated that the ratio of the incidence of symptomatic and asymptomatic forms of celiac disease in the general population is 1 : 8 [48] , whereas in Down's syndrome patients it is 4 : 1 [32] , which means that in Down's syndrome patients, celiac disease with full clinical manifestation is more frequent than its asymptomatic forms. It weighs in favor of testing for celiac disease only those Down's syndrome patients who show symptoms of celiac disease.
In the literature, also the financial aspect of screening Down's syndrome patients for celiac disease was brought up. Swigonski et al. [47] analyzed the costs of screening for celiac disease of Down's syndrome patients without symptoms, as a means of prevention of nonHodgkin lymphoma, which is a late complication of celiac disease. Based on estimated data it was concluded that the cost of such screening would greatly exceed the possible benefits from identification of patients with the silent form of the disease, and it would not improve the QALY index (quality-adjusted life year). Therefore, the authors suggest not testing Down's syndrome patients who show no celiac disease symptoms.
Many authors suggest that Down's syndrome patients not showing symptoms of celiac disease should be tested. Book et al. [33] substantiate it by the similar incidence of clinical symptoms suggesting celiac disease in Down's syndrome children who were diagnosed with celiac disease and those who were not. However, the results of their study were not based on reliable diagnostic criteria, since the patients were diagnosed with celiac disease based on serological examinations only (EmA), without histopathological examination.
The recent recommendations, NICE 2009 (National Institute for Health and Clinical Excellence), have placed Down's syndrome among diseases in which serological tests for celiac disease should be considered, such as in the case of Addison's disease, autoimmune liver disorders, autoimmune myocarditis, idiopathic thrombocytopenia, depression, bipolar disorder, epilepsy, lymphoma, constipation, neuropathy, Sjö-gren's syndrome, Turner syndrome, infertility, and others [49] . In the mentioned cases, these recommendations do not imply testing for celiac disease in all patients with the mentioned disorders, including Down's syndrome [49] .
In conclusion, based on the literature data it can be concluded that considering Down's syndrome patients as a risk group for celiac disease is not supported by reliable scientific studies. The studies published so far mostly concern relatively small groups of Down's syndrome patients, compared to the very numerous groups examined in epidemiological studies on the incidence of celiac disease in the general population [6, 7, 9] . In the literature, there is only one study, by Italian authors [32] , which could meet the mentioned requirements. However, taking into consideration the region-dependent specificity of celiac disease incidence [48] , the results of this study cannot be related directly to Polish conditions. Moreover, the variety of celiac disease diagnostic criteria applied by different authors makes the obtained data on the incidence of celiac disease in Down's syndrome patients unreliable, according to current standards, and makes it impossible to draw explicit conclusions. The incidence of celiac disease in children and adults with Down's syndrome is probably higher than the estimated incidence in the general population. However, in order to consider these patients as a risk group, it is necessary to perform reliable epidemiological examinations, including in Poland, which would involve selection of large groups of patients and determination of uniform, currently applied diagnostic criteria. R Re ef fe er re en nc ce es s
